Previous research has demonstrated diff erences in pharyngeal size and constriction between normal younger and older adults. Th e distance between the larynx and the hyoid bone at rest is greater in older persons, as is the anteroposterior width of the pharynx when it is maximally expanded during swallow. In addition, pharyngeal clearing during swallow is reduced with aging. Th ese observations suggest that the aging pharynx undergoes structural changes consistent with atrophy. Th e purpose of this investigation was to compare pharyngeal wall thickness at rest and when maximally constricted during swallow in younger and older adults. Videofl uoroscopic swallow studies were performed on 178 normal adults. Measures of posterior pharyngeal wall thickness were determined at rest and during maximum constriction of the pharynx during a 20-ml bolus swallow. Data were subjected to analysis of variance and Student t test procedures to determine sex and age diff erences. We found no statistically signifi cant diff erences between the men and women in either age group, and so we then pooled our data across sex. Mean pharyngeal wall thickness at rest was 0.39 cm (±0.09) in the younger group and 0.30 cm (±0.08) in the older group (p < 0.01). Pharyngeal wall thickness measured at the same point during maximum constriction was 1.08 cm (±0.34) in the younger group and 0.92 cm (±0.36) in the older adults (p < 0.01). Our data suggest that the posterior pharyngeal wall is thinner and does not constrict to the same extent in older subjects compared with younger individuals. Th ese fi ndings contribute to our understanding of diff erences in pharyngeal strength, swallowing effi ciency, and safety associated with aging.
Introduction
Th e incidence of dysphagia rises sharply with advanced age. It has been estimated that by 2010, approximately 16.5 million persons required treatment for swallowing diffi culty. 1 Th e incidence of aspiration pneumonia-an infectious disease frequently associated with disordered swallowing and associated with high morbidity, mortality, and cost-has reached epidemic proportions in the United States. [2] [3] [4] Disordered oropharyngeal swallowing has been implicated as a potential cause of aspiration of ingested foods and liquids, which can lead to pulmonary contamination, infection, and death. 4, 5 Many factors contribute to the increased incidence of dysphagia in the elderly. Characteristics of aging include atrophy, dystrophy, and edema, which are precursors of gross morphologic changes such as decreased elasticity and demyelinization. From an anatomic and physiologic perspective, aging organ systems are usually slower and exhibit diminished strength, stability, coordination, and endurance. 6 With respect to the pharynx, decreased muscle tone leads to pharyngeal dilation and a reduction in pharyngeal contraction. [7] [8] [9] [10] Th ese conditions lead to longer transit times, increased stasis of bolus particles, and increased residue that can predispose to aspiration. 9, 10 We conducted a study to compare posterior pharyngeal wall (PPW) thickness in younger and older adults and, if diff erences were identifi ed, to consider how they might impact pharyngeal strength, swallowing effi ciency, and safety in the older group.
Subjects and methods
Our study population consisted of 178 adults with no history of dysphagia or swallowing complaints, no craniofacial anomalies, and no history of cerebrovascular accident or neuromuscular disease. Th ese subjects were divided into two groups based on age. Th e younger group consisted of 53 women and 36 men younger than 65 years of age (median: 37). Th e older group, which was and G3 computers (Apple Computer; Cupertino, Calif.). Th e soft ware program used for analysis of fl uoroscopic images was NIH Image (developed by Wayne Rasband et al at the National Institutes of Health).
A measure of the unconstricted pharyngeal wall was made from lateral views of a 1-ml liquid bolus held in the oral cavity prior to swallow. Th is pseudoresting point was referred to as "PPW-hold. " Pharyngeal wall thickness was also measured at the point of maximum pharyngeal constriction in the cervical spine between C2 and C3 during the 20-ml bolus swallow, and this was called "PPW-max. " For each measure, a vertical line was fi rst drawn along the anteriormost aspect of C2 and C3. Th e horizontal thickness measurement was then made by extending a straight line from the anterior edge of the pharyngeal wall to the vertical line at the midpoint of C3. Th is point was chosen because pharyngeal constriction here is critical to bolus propulsion and to clearing bolus material from the valleculae and tongue base during the swallow. Th e measure was repeated at the point representing maximum constriction of the pharyngeal wall between C2 and C3 during the 20-ml bolus swallow. Th e measures are illustrated in fi gure 1.
Data analysis. All data were abstracted and coded into the Statistical Package for the Social Sciences soft ware (version 11.0; SPSS; Chicago). A one-way analysis of variance (ANOVA) was used to evaluate the association matched for sex with the younger subjects, was made up of 53 women and 36 men older than 65 years (median: 70). All subjects volunteered for the study, which was approved by the Institutional Review Board at the University of California (UC) Davis.
Fluoroscopic studies. All subjects underwent videofl uoroscopic swallow studies at the Center for Voice and Swallowing at the UC Davis Medical Center in Sacramento in accordance with the routine radiographic protocols approved by the institution. All studies were performed on a properly collimated Philips fl uoroscopic unit that provided a 63-kV, 1.2-mA-type output for the full fi eld-of-view mode (9-in input phosphor diameter). A 1.7-cm diameter wire loop was taped to the mid-chin of each subject for later calculation of thickness measures. Subjects adhered to a swallowing protocol that included one 1-ml, 3-ml, and 20-ml liquid bolus swallow from a spoon or cup (60% w/v; 35 to 40-sec viscosity, as measured with a #4 Ford cup; specifi c gravity: 1.475) (Liquid Barosperse Barium Sulfate Suspension; Lafayette Pharmaceuticals; Lafayette, Ind.), as well as one cookie and one paste swallow. Th e fl uoroscopic studies were recorded on a high-quality videocassette (Sony SV0-9500 S-VHS recorder/player; Sony Corp. of New York). Videotaped studies were returned to the lab, and images of interest were captured using a digitizing board from Data Translation (Marlboro, Mass.) and Macintosh 9500 
-ml bolus held in the oral cavity (PPW-hold) (A) and the maximum thickness of the wall during a 20-ml bolus swallow (PPW-max) (B). For both measurements, a vertical line is extended across the anterior surfaces of C2 and C3. A horizontal line is then drawn from the visible anterior edge of the pharyngeal wall to the vertical line. For PPW-max, the measurement is taken between mid-C2 and mid-C3 at the most prominent point of pharyngeal movement during swallow.
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among posterior pharyngeal wall thicknesses (PPW-hold and PPW-max), patient age, and sex. Post-hoc Bonferroni tests revealed no signifi cant diff erences between the sexes for either the younger or older subjects. Consequently, data were pooled across sex for each age group and subjected to independent Student t tests.
Results
Data for the one-way ANOVA are presented in tables 1 and 2. Signifi cant between-group and within-group diff erences were identifi ed for both variables. Results for the four subgroups are illustrated in fi gure 2. Although the values for the women were smaller than those for the men in both age groups and for both PPW-hold and PPW-max, post-hoc Bonferroni testing revealed that these diff erences were not statistically signifi cant.
As noted, the data were then pooled across sex for comparison by age. Results of Student t tests revealed signifi cant diff erences between the younger and older groups for both PPW-hold and PPW-max (tables 3 and 4). Mean pharyngeal wall thickness at rest was 0.39 cm (±0.09) in the younger group and 0.30 cm (±0.08) in the older group (p < 0.01). Pharyngeal wall thicknesses measured at the same point during maximum constriction were 1.08 (±0.34) and 0.92 cm (±0.36), respectively (p < 0.01).
Discussion
Diff erences in swallowing physiology and anatomy associated with aging must be determined if we are to understand the nature of swallowing across the age span and diff erentiate normal and disordered swallowing in elderly individuals. Previous observations of swallowing in the elderly have shown that pharyngeal clearing is incomplete. 11, 12 Investigators at our institution have previously reported that pharyngeal clearing appeared to be less complete in the elderly and that the width of the pharynx at maximal expansion was greater in the elderly. 9 In other words, the portion of the pharynx that remained unobliterated during swallow of a 20-ml bolus (lateral view) was signifi cantly larger in nondysphagic older subjects than in a group of younger controls.
Although patients with complaints of dysphagia likely have multiple swallowing abnormalities, the intent of our investigation was to compare posterior pharyngeal wall thickness-at rest and when maximally constricted during swallow-in younger and older persons. Our fi ndings provide greater insight into the structural changes of the aging pharynx.
Approximation of the tongue base and posterior pharyngeal wall is a key element in producing pharyngeal bolus-driving pressure and eff ective bolus clearance through the pharynx. 13, 14 A lack of complete pharyngeal obliteration with no evidence of a descending pharyngeal contractile wave may be seen in the lateral projection of a videofl uoroscopic study of swallowing; such a fi nding indicates pharyngeal muscular weakness. Weak or incomplete pharyngeal constriction usually results in post-swallow pharyngeal residue that may be inhaled.
Although age diff erences in posterior pharyngeal wall thickness have not been reported in the literature, our fi ndings are consistent with those of previous reports of the aging pharynx. As individuals age, the pharynx dilates secondary to decreased muscle tone with a subsequent decrease in pharyngeal contraction. [7] [8] [9] [10] In an autopsy study of human pharynges, Leese and Hopwood described a preponderance of type 2 muscle fi bers on the order of 30 μm and signifi cantly smaller than skeletal muscle. 15 In that study, the mean number and diameter of the muscle fi bers remained constant among younger and older individuals, but there was greater variability in the older subjects, refl ecting both tissue atrophy and hypertrophy. Th e decrease in posterior pharyngeal wall thickness with age that our study demonstrates helps us understand the nature of swallowing across the age span.
In conclusion, our results suggest that the posterior pharyngeal wall is thinner and does not constrict to the same extent in older subjects as it is and does in younger individuals. A thorough understanding of both the anatomic and physiologic characteristics of swallowing is essential in the diagnosis and treatment of dysphagia. Our fi ndings add to our understanding of diff erences in pharyngeal strength, swallowing effi ciency, and safety associated with aging. 
